The aims of this work are to evaluate the presence of antibiotics in surface waters in a French water basin, where the presence of livestock is relatively important, and to understand the behaviour of antibiotics in drinking water treatment plants (DWTPs). Two sampling sites were chosen because of their livestock density and the presence of DWTPs in areas where urban activities are different. A large range of veterinary and human antibiotics were analysed in raw and treated water from the French Seine-Normandy Basin, based on the development of two analytical methodologies using solid-phase extraction and high-performance liquid chromatography-mass spectrometry. Clorsulon (an anthelmintic), fluoroquinolones, macrolides, sulfonamides (such as sulfamethoxazole, sulfadiazine), tetracyclines and trimethoprim were detected in raw surface water. Regarding the efficiency of drinking water treatment, an ozone/granular activated carbon combination proved to be effective in removing most antibiotics except danofloxacin and enrofloxacin which have an ionisable character and insufficient ozonation kinetic constant. Chlorination proved to be ineffective in removing antibiotics passing through the previous stages.
INTRODUCTION
The presence of pharmaceuticals in water resources and especially in drinking water is generating growing concerns not only from consumers, but also from water producers.
Indeed, due to their usages, administration route and metabolism, Boxall et al. () demonstrated that most antibiotics and anti-microbial agents, according to their physical properties (adsorption, hydrophobicity, biodegradability, photolysis sensitivity, etc.), have a high probability of reaching the environment. Once absorbed (incorporated into food or by injection), they are digested by the organism, in varying degrees (from a few per cent to 100% for those administered orally) and then excreted in the form of a metabolite and a parent compound. Excreta can be discharged directly into the environment (outdoor breeding, pisciculture), in wastewater treatment plants (pets) or stored before spreading (in the case of intensive breeding, spreading of manure) (Boxall et al. ) . Veterinary drugs can persist in the soil for a few days to several years. Their half-life is influenced by several factors: temperature, pH and presence of manure. Boxall et al. () reported that tetracyclines and quinolones are the most persistent in the environment.
Acute effects on human health by these compounds from ingested drinking water are lower than other exposure pathways (Sanders ) . However, one of the main health concerns related to the massive use of antibiotics in veterinary medicine is that micro-organisms become resistant to these compounds (Pallares et al. ; Gao et al. ) . The existence of transfer phenomena of the resistance between human, animal and environmental micro-organisms has now been well established (Granier ) . 
MATERIAL AND METHODS
Samples were taken from two DWTPs during two seasons in 2011-2012: the first campaign was performed in December and the second in April. The first plant located on the River Seine, called 'Seine upstream 2' on the map of sampling sites ( Figure S1 , available in the online version of this paper), comprises several treatment lines: the sampled line includes a settling unit followed by filtration using a first stage granular activated carbon (GAC) process, ozonation and second stage GAC filtration and UV disinfection. After mixing with water from other lines (same treatment and flow rate), water is chlorinated before being sent to the distribution system. The second plant located on the River Louette (see location in the Supplementary Information, available in the online version of this paper) includes a flotation unit followed by GAC filtration and water is chlorinated after being mixed with borehole water. The Seine River was selected as it is the water supply for the majority of the 12 million people living in the Paris area and its vast basin covers 30% of the French population. It is influenced by both agricultural and animal breeding activities. Livestock in the Seine-Normandy basin mainly consists of cattle with more than 2.1 million livestock units (LU) followed by pigs with around 900 thousand LU.
Some figures on the number of cattle in French Seine-Normandy Basin are given in the Supplementary Information (Table S1 , available in the online version of this paper). In contrast, the Louette River is a very small river located in an area practically devoid of animal breeding (less than 1,000 LU). In addition, other samples were collected along the Seine River (with and without the presence of DWTPs) as well as in a number of smaller rivers in Normandy. Two groundwater samples were taken along the Normandy coast, as well as groundwater samples at a treatment site located in the vicinity of Rouen, Normandy (results not shown). To summarise, 27 different types of surface water (including water entering the DWTP described in this study), five different types of groundwater and 10 types of treated water were sampled during both campaigns (see Figure S1 for location and Table S2 for the detailed description of treatment lines, Supplementary Information, available in the online version of this paper).
Once received in the laboratory, prior to extraction, water samples were filtered via 0.7 μm glass fibre filters. To preserve all the targeted samples, these were kept at
À20
W C if analyses were not performed directly after filtration (Capdeville ). In the rare cases where precipitation was observed after freezing, samples were re-filtered at 0.7 μm before extraction.
Two methodologies, including SPE followed by analysis using high-performance liquid chromatography coupled with tandem mass spectrometry (HPLC-MS/MS), were applied to the samples in order to quantify 31 compounds (four sulfonamides, one diaminopyrimidine, six quinolones, four tetracyclines, five macrolides, two beta-lactamases, two anthelmintics, two anticoccidials, four antiparasitics, one antifungal). One iodinated X-ray contrast agent and four pesticides were selected as indicators of urban wastewaters and agricultural activities. Owing to the range of physicochemical properties of these compounds, the development of two analytical methodologies was necessary, especially for pH and extraction water volume.
Solid-phase extraction conditions are described in detail in Table 1 : methodology 1 was applied for the extraction of 22 compounds and methodology 2 for the extraction of 14 analytes (Table 3) .
After drying under a nitrogen stream, extracts were analysed using combined HPLC with a triple quadrupole Quantum mass spectrometer (ThermoElectrons). The extracts from the first SPE method were analysed in positive ionisation mode following the conditions of method 1 in Table 2 and those from the second SPE method were analysed in positive (method 2a) and negative (method 2b) modes.
Compound detection was performed in selected reaction monitoring (SRM) mode and for each analyte of interest, two ion transitions were chosen for the quantification of the compound and the confirmation of its identification (see Table S3 in Supplementary (Table S3) .
RESULTS AND DISCUSSION
Results from the first DWTP during the first sampling period Table 3 Contributions from agricultural activities are also con- is equal to 0.4 at a pH of 7, it is normal that it is not easily ) is also ineffective on danofloxacin, which is found at low levels in chlorinated, distributed water (23 ng/L). This dosage used for disinfection is 10 to 20 times lower than dosages required for the oxidation of micropollutants. Thus, the apparent decrease of several antibiotics during UV disinfection (enrofloxacin, sulfadimethoxine, etc.) is probably observed because these chemicals are practically at their limit of quantification before this stage. Therefore, it was not possible to draw conclusions for compounds whose concentrations are too close to their limit of quantification. Consequently, the slight differences observed (roxithromycin, oxolinic acid, atrazine and simazine) between UV disinfected water and discharged water, mixed with that of other treatment lines (same treatment processes) probably reflect analytical uncertainties rather than a difference in effectiveness between the treatment process lines. To conclude, the concentration levels of this complicated mix of antibiotics found in raw water are systematically below their limits of quantification, meaning that this sophisticated combination of processes has a high impact on these micropollutants, except for traces of danofloxacin. The specific behaviour of danofloxacin can be explained by its physico-chemical properties. This compound is ionised at pH neutral and will therefore not be adsorbed by activated carbon filtration. In addition, its reactivity to molecular ozone is known to be low (Dodd et al. ) .
Results from the first DWTP during the second sampling period Figure 1 shows the changes into the concentration levels of some compounds quantified during the second sampling campaign, carried out during a rainy and cold period. The flow rate was higher than that of the first sampling period Only six antibiotics were found in raw water: sulfamethoxazole, marbofloxacin, tylosin, roxithromycin and clorsulon, the concentration levels of which are in the same range as those found in the first sampling period (from 14 to 28 ng/L) (Table S4 , Supplementary Information, with the previous sampling campaign is probably due to a difference in the GAC filter's condition (higher level of saturation). More generally, regarding the entire range of compounds studied, only danofloxacin succeeds in crossing part of the very comprehensive treatment processes in the first plant studied, which combines two levels of GAC filtration, ozonation and UV disinfection.
Results from the second DWTP during the first sampling Concentrations of doxycycline or tetracycline in treated water are significantly higher than those measured at the GAC outlet. This could be explained by contamination of the borehole water mixed with the treatment line water.
Unfortunately, separate sampling of the plant water before it is mixed with water from two boreholes cannot be performed at the plant. 
Global view of the results obtained from the various sites in the Seine-Normandy Basin
The results obtained from these two previous sites, as well as the other sites sampled in the Seine-Normandy Basin (results not shown in detail), are summarised in Table 5 . For each antibiotic, the number of positive samples in the raw and treated waters and the concentration range (in brackets) are specified.
In total, 27 surface water samples, five groundwater samples and 10 treated water samples were analysed.
For surface waters, clorsulon was detected with an occurrence rate of 16/27 ¼ 59%. The presence of this compound at a high occurrence rate suggests the potential presence, in lower concentrations, of ivermectin, an ecotoxic compound at ng/L levels, administered simultaneously (ANMV ).
In general, 20 molecules were quantified at least twice in surface water and have an occurrence rate of higher than 5%. It is therefore worth retaining these for follow-up or future study. Nearly half of the substances examined were Veterinary antibiotics were detected in groundwater located in a zone with a low livestock density. This was the case in both measurement campaigns.
An evaluation of risks related to antibiotics measured in quantities higher than the LOQ in treated water was carried out according to recommendations by the French ANSES (Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement et du travail) (ANSES ). This covered seven antibiotics, all used for veterinary purposes.
Two of these are also prescribed for humans. A comparison between the guide value derived from the reference toxicological value and the maximum concentration level measured in treated water shows a high safety margin, always significantly higher than 1 (between 66 and 18,750). For each antibiotic, the health risk for persons drinking treated water containing residues can be considered as insignificant or acceptable. 
